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.Description 

FIELD OF THE INVENTION 

5 The present invention relates to a heterofunctiona! cellular immunological reagent comprising at least 
two T cell specific binding figands covalently Gnked together, wherein one of the T cell specific binding 
tigands binds to a specific class or subclass of T cells and another of the T cell specific binding ligands is 
an antigen associated with disease or a causative agent of disease, or epitope thereof. The present 
invention also relates to vaccines containing the heterofunctional cellular immunological reagents and 

io methods for the use of the same. 

BACKGROUND OF THE INVENTION 

In cell mediated immunity, a disease causing agent, such as a virus, is engulfed by a specialized cell 

75 called the antigen presenting cell (hereinafter "APC"). The APC breaks up the virus and fragments the 
antigenic determinants of the virus, i.e., viral specific polypeptides, into polypeptide fragments. These 
fragmented antigenic determinants are then transported to the cell surface of the APC. At this time, the APC 
also produces or modifies the major histocompatabflity complex molecules Class I and Class II (hereinafter 
"MHC Class I" or "MHC Class 11", respectively), which are heavily involved in cell mediated immunity and 

20 which are produced within and transported to the surface of the APC. MHC Class I molecules specifically 
bind to cytotoxic/suppressor T cells (Tc/s) and MHC Class II molecules specifically bind to helper/accessory 
T cells (Th). The MHC molecules contain at least two binding sites, i.e., an antigen binding site known as 
agretope binding site, which is highly variable between MHC molecules for different agretopes, and a site 
which binds to the T cell, i.e., the T cell specific binding ligand, which is highly conserved (gee Bjorkman, 

25 PJ. et al, Nature , 329:506 (1987) and Bjorkman, PJ. et al, Nature , 329:512 (1987)). 

T cells are activated by the combination of (1) the binding of the fragmented antigenic determinants, 
present on the surface of the APC, to the surface of the T cells and (2) the binding of the highly conserved 
region of the MHC molecules, present on the surface of the APC, to the surface of the T cells. Usually, 
binding by the fragmented antigenic determinants or the highly conserved region of the MHC molecules 

30 alone to the surface of the T cells does not give rise to activation of the T cells since to do so would give 
rise to an unregulated and indiscriminate polyclonal activation of most if not all, T cells and could result in 
pathogenic conditions. The binding of the MHC molecules to the surface of the T cells is in part mediated 
through the agretope, i.e., the binding of the antigen to the MHC molecules acts as a signal to the MHC 
molecules to bind to the surface of the T cells (see Bjorkman, P.J., Nature , 229:506 (1987)). In addition, the 

35 MHC molecule contains recognition sites so that unless the APC and the T cell contain the same MHC 
molecules with the same genetic composition, they are recognized as "not-self" and the desired interaction 
cannot successfully occur. The resulting activated T cells can then recognize the disease causing or 
associated agent, e.g., virus infected cell, tumor cell, etc.. in the bloodstream or elsewhere, as foreign and 
acts to kill such. This gives rise to cell mediated immunity to the disease caused by. e-g., the virus, without 

40 any antibody, or humoral immunity, involvement 

The APC, typically a macrophage, also produces and releases Interieutdn 1 (hereinafter "IL-1 ") as a 
consequence of the interaction and processing of the antigen. IL-1 interacts with the T ceo as a part of the 
activation process of the T cell. IL-1 causes activated T cells to produce lnterleukin-2 (hereinafter "IL-2"). 
However, as with most hormones, IL-1 activity is generalized, i.e., ft is not specific to a particular antigen 

45 but rather. Is involved In Invoking a generalized Inflammatory response. 

Since MHC molecules are very large and highly polymorphic, antigenicity problems arise when 
administering such to a subject Further, there Is a high variability of agretopes and MHC molecules. Thus. 
H is difficult to isolate an appropriate MHC molecule for a disease causing or associated agent of interest so 
as to be able to form a complex thereof which can thereby activate T cells specific to a disease of Interest 

so The cfinical and Industrial immunologists working in AIDS have not focused on the correlation of cell 
mediated Immunity and disease since most of their assays are based on humoral Immunity mechanisms. 
Cell mediated immunity, because of its slow reactions, the requirement for a living cell derived from an 
intact host and the MHC restriction inherent in the system have deflected attention away from cell mediated 
immunity. Cell mediated immunity has remained, therefore, somewhat of a "black box" with inputs and 

55 outputs defined but little understood In the way of internal mechanisms. 

The rapidity of the re-activation of AIDS or herpes viruses indicates that re-activation cannot be a result 
of the breakdown of humoral response mechanisms. That is, re-activation occurs in a short number of days 
while serum antibodies are still abundant. In part because of the above circumstantial evidence in humoral 
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response and in part because of other evidence in cellular mechanisms, a breakdown of ceD mediated 
response mechanisms is implicated in re-activation of these disease causing agents. 

In the case of tuberculosis (hereinafter TB W ). another disease where cellular immunity is paramount. IL- 
2, also known as T cell growth factor, can restore the in vitro cellular Immune response to the mycobac- 
s terium. Since IL-1 is available in subjects afflicted with TB, a defect in the stimulation of IL-2 production by 
the cells implies a failure of the APC presentation or recognition process. 

Exogenously provided IL-2 can restore, at least in part, in an in vitro assay system with AIDS patients, 
cell mediated immunity activity to Human Immunodeficiency Virus (hereinafter "HIV"). This suggests that 
with AIDS there is also a deficiency in IL-2 production, even though IL-1 production is above normal. AIDS 
10 infected patients also have either poor or ineffective antibody dependent cellular cytotoxicity (hereinafter 
•ADCC"). antibody complement cytotoxicity (hereinafter "ACC") or natural killer (hereinafter "NK") activity, 
even at early stages before any clinical signs of AIDS related complex (hereinafter "ARC") or AIDS. 

There are currently a series of in vitro assays for cell mediated immunity which use ceSs from ijie host 
both as the substrate cell that initiates or stimulates the reaction for which the assay has been developed 

is and as the target to assess cell mediated immunity. These in yforo assays include the cytotoxic T 
lymphocyte assay (hereinafter "CTL"); fymphoprorrferative assays. e.g., tritiated thymidine incorporation; the 
protein kinase assays, the ion transport assay and the lymphocyte migration inhibition function assay 
(hereinafter "UF") (Wetting. J.K. et al. J. WoL. 613463 (1987): Hengel. H. et al. J. Immunol.. 139:4196 
(1987); Thorley-Lawson, DA et al, Proa Natl. Acad. Set. USA , 84:5384 (1987); Kadival. GJ.~eTa! J 

20 Immunol., 1395447 (1987); Samuelson, LE. et al. J. ImmunoL . 1395708 (1987); Cason. J. et al* J 
Immunol. Meth. , 102:109 (1987); and Tsein, R.J. et al. Nature , 293:68 (1982)). These assays are disadvanta^ 
geous in that they may lack true specificity for cell mediated immunity activity, they require antigen 
processing and presentation by an APC of the same MHC type, they are slow (sometimes lasting several 
days), and some are subjective and/or require the use of radioisotopes. 

25 WO-A-8800057 discloses heterofunctional reagents for modulating the immune system, e.g. T cells, the 
reagent comprising an antigen or epitope and polymorphic region of transplantation antigens (a part of the 
Major Histocompatibility Complex (MHC)). The reagent is stated to be useful in vaccines. 

Francis et al. Nature 330:168-170 (Nov. 1987), and Million et al, PNAS USA 85:1610-14 (March 1988), 
disclose a heterofunctional reagent comprising an antigen or an epitope and a second polypeptide which 

30 interacts with T cells such that T helper cell proliferation is elicited. An antibody response is detected, which 
could not be detected using the antigen alone. 

SUMMARY OF THE INVENTION 

as According to a first aspect of the present Invention, a heterofunctional cellular immunological reagent 
comprises, covalently linked together, at least two T cell specific binding ligands derived from different 
molecules, wherein one of the ligands binds to a specific class or subclass of T cells and another of the 
ligands is an antigen associated with disease or a causative agent of disease, or epitope thereof, and 
wherein when said one ligand is derived from an MHC molecule, such is derived from the highly conserved 

40 region of the MHC molecule. 

According to a second aspect of the present invention, a vaccine for the prevention or treatment of 
disease, comprises: 

(A) a heterofunctional cellular immunological reagent comprising, covalently linked together, at least two 
T cell specific binding ligands, wherein one and another of the ligands are as defined above, and 
45 (B) a phamtaceuticairy-acceptable carrier or effluent 

the reagent of the invention may be used in a method of onagnosfcig disease by assaying for the 
presence of T cells in a subject which are active against the disease, comprising measuring the binding of 
the reagent to T cells from a subject so as to determine the presence of a specific class or subclass of T 
cells active against the disease, 
so The present invention employs only a portion of the MHC molecules which bind to T cells, i.e. the 
highly conserved region thereof, and covalently links such to an antigen associated with disease or 
causative agent of disease, or epitope thereof of Interest thereby forming a heterofunctional cellular 
immunological reagent and avoiding the problem, described above, of isolating or using large, and 
polymorphic. MHC molecules. The novel reagent also overcomes the problem that in some cases, one of 
55 reasons for a ^ure to respond to an antigen is a lack of antigen processing and/or appropriate MHC 
molecules. 

The present invention also provides a vaccine for diseases, such as AIDS, which specifically stimulates 
cellular immunity to such diseases. 
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'J^TIlT'ST!!* inVemi0n ° VerCOmes the disadvantaoe. described above, relating to diagnostic 
assays or cell-mediated immunity. a 

DETAILED DESCRIPTION OF THE INVENTION 

s 

•n.-iLfT""' f 50 " 6 ' 0ne eflnbodiment of ■» Present invention, a heteroftmctional cellular im- 
munology reagent compnses at least two T cell specific binding figands covalently linked together One of 

USSJZS 8 ^ * SUbdaSS " T ^ ^ °< *e Bgands fe an an£en 

associated with disease or a causative agent of disease, or epitope thereof 

10 tn °!f ^ ^ exp / ession * T 0811 ^9 ngand" refers to the entire molecule which binds 

° ! WT ? eB 0r the T <»« Portion of the molecule, preferably only the Ted 

binding portion of the molecule. * 

™? I parti ?" ar of T celi to which the T cell specific binding Bgands bind is not critical to the 
„ r n T' ^ P,eS oisuch7cens include T cells, accessory T cells, suppressor T cefe 

^T^^r^r 1 ^ lndU(te SUbda5SeS *~* ** exam P'e. Classes of h^er T cX 
include those helper T cells necessary for antibody synthesis and those necessary for cytotoxic activity 
The particular T cell specific binding Ggand which binds to a specific class or subclass of T cells 

f2£E I" 01 11? *" ? f r m ^ PartiCU,ar T °» -P*" 5 blndi "9 "sand which binds to 

a speafic dass or subclass of T cells can be selected so as to bind to all mature T cells, only mature 
cytotoxic T cells, helper T cells, suppressor T cells or a specific class or subclass .hereof SS7f 

m™,nh S , flT* MH ° 0,35888 ' " : P0rti0ns 01 «» Fc <* the heavy chaTtf 

^unoglobufins; la* molecules: lymphocyte function associated molecule-3 (hereinafter "LFA-3")- anti- 

SSSif" ' ^' ^ ^ ,eCtnS SUCh 88 * Po^weedToogen. pea£ 

S^ST ymph0kineS - SUCh 38 ,M ^ ,L * °th^ molecules such ^7^1^" 

A small protein of MHC Class I. U.. b-2-mlcroglobulin (hereinafter "b-2-M"). which is found in various 
" 880,68 80(1 Unne ' 1,85 reCenUy sh ^" to »«ve biological properties 

« «?^^ S Il7^ te "- — ^ r6,eaSe Cytota * : a^y^haFan enhancing 
m^L^Jf » * heterologous and homologous systems, i.e.. both human (heterologous) and 

^S^SSS^JT ^ »*** M ' n **** S *«* m ** uses -urine 

cells. The sequence of b-2-M is reported in Gussow. D. et al. J. Immunol. . 1393132 (1987). The following 

SSTfi i"? ^ POSiti ° nS 58 " 84 ' «P«*^. aTe" believed to tjj£2j 

useful T cell speafic binding figands: u^ukuiy 

CYVSGFHPSDIEVDLLKNGERIEKVEHSOLSFSK (MW=4474) 
KDWSFYLLYYTEFTPTEKDEYAC (MW=3396) 

i?nrnf^ T ° h ° Sen to end * CyStein6S ,0r S6veraJ reasons - they represent a site that 

s probably outside of a linear epitope region. This is because in mature b-2-M. they am involved in tte 

^e r™^ 1 " diSUffk,e bonC * Secon * ^ " *«" to *«• advantage Tc^e ^ 
X^tiS^ * "* * *" ^ ^«e or a causative agent of disease, or 

^■^/T^ n !Tc^ ^ ^ ^ ^ 3 ^ 1)660 re P° rted <*« Peterson. ^ et al. Nature, 

, 5 ^„^n ( T? : !T ^ B ' ^^2' < 19S7 »- CD " 2 - ^ found on T cells, and a slmllarjfn? 

™n2 ITh LFA * 3 ' 13 found 00 ^^903, erythrocytes and nerve cells. Ze tot 

Irnpficated in various T ceH receptor. Hgand and modulation interactions. In particular. LFA-3 at portions 

KN^IYPTKGKNVLEK (MW=1956) 
or the derivatives thereof where a cysteine (c) and two glycines (gg) are added: 
so cggKVSIYPTKGKNVLEK (MW=222E3) 

KVSIYPTKGKNVLEKggc (MW= 22283) 
or at posftions 42-5& 

KTSAKKKIAQFRKEK (MW=2043) 
or the derivatives thereof: 
55 KTSAKKWAQFRKEKggc (MW=2314) 

ccg KTSAKKKIAQFRKEK (MW = 2314) 
are believed to be useful T cell specific binding figands. 
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- Based upon the charged nature of these polypeptides, in addition to their possible direct use as a T cell 
specific binding ligand. a corresponding acidic polypeptide from within another region of LFA-3 is believed 
to be useful as a T cell specific binding Ggand (see Breitmeyer, J.B.. Nature , 329:760 (1987)) That is the 

carboxyl ultimate or penultimate sequence of LFA-3: 

5 SRHRYAUPIPLA VITTCIVLYMNG IL (MW=3520) 

or the derivatives thereof wherein an internal cysteine is replaced by aminc-butyric acid (Abu) and/or an 
internal methionine is replaced by noHeucine (NIe): 

SRHRYAUPIPLAVITTAburVLYMNGIL (MW=3502) 
SRHRYAUPIPLAVTITAbulVLYNIeNGIL (MW=3474) 
w or the derivative thereof. 

cggSRHRYAUPIPLAVITTAbulvXYNIeNGIL (MW= 3746) 
As discussed above, these derivatives contain amino-butyric add (Abu) and noHeucine (NIe). The reason 
for the former substitution is to avoid the possibility of forming homofunctional conjugates by removina a 

« IT 0 * ^ SU ^ y ? ryI ' reaSOn ,or ~bs«ution * t<> remove a labile methionine which can cleave 

is the peptide bond and form a homocysteine terminated polypeptide 

aJ^e^h s^r 4 " d cm ^ we ■ " <see Kuna - p - - *• ^ » 

, :l {", CaS f "J" 3 ' 8 J* 6 sequence of the T cell specific binding ligands are not known, such as for 
ant,bod,es o CD-2. CD-3, CIM. CD-8, lectins and la + the sequence must be determined in whole or part, 
it is possible to determine a theoretical sequence by determining the nucleotide sequence of the anti-sense 
nucleotide sequence and reading in reverse direction along the double stranded DMA backbone and 
prepanng an ant.%sense polypeptide (see Smith. La. J. Immunol- 138:7 (1987)) or by using the computer 
technology disclosed in US. Patent 4.704.692. -a me computer 

. j?*™- M ~" c f nvaKn * are known to be multivalent and to possess specific binding sites 
for their Bgands (see Edelmann. 6.M. etal.Proc.NatL Acad. So. USA. 69:2580 (1372)). In addition it is 
wen known that they cause a specific general activation of T celts and alter the pathway of events' (see 
Zimmerman. D H. et al. J. Immunol., 111:1328 (1973)). One such T cefl specific binding sequence derived 
from concanvafin A is at position 80-1 10: ^ uunvea 

LNDVLPEWVRVGLDSASTGLYKETNTILSWS (MW=4040) 
69*5^97^ 61 ^ - — — ' — 1490 (19?5) "* Edelmann ' G M - *al. Proa Natl. Acad. Sci. USA. 

It is well known that IL-1 has activity on several types of T cells. Le.. helper T cells and suppressor T 
ee ls, and ,s produced by the APC. Nencioni. L et al. J. Immunol- 139:800 (1987) have described the 
following T cell specific binding sequence for IL-1 at positions 163-171- 
W VQGEESNDK (MW=1149) 
or the derivative thereof: 

VQGEESNDKggc <MW=1420) 

*„h Sh^T ' V 2 \ Pr °^ C8d f* 000 typo of T cell, i.e.. T helper cells, interacts with receptors on the same 
and other T cells L e.. Th and Tc/s cells (see Aflman. A. et al. Proa NaU. Acad. Sci. USA. 812176 (1984)) 

t't T, T ? v 6ffeCt on immune responses. IL-Ti7teIie^dT y lhi" P 7e"sent inventors 

to be useful as a T cell specific binding Dgand. particularly at positions 34-39- 

LEHIXL (MW=827) 
and the derivative thereof: 

cggLEHLL (MW=1098) 

* ^^iSSlSSm 00 ^. ***** 8 W0aSSay <S0 ° ^■W^^fJ^NatJ.Acad, 
EspectallyriL-2 at positions 18-32: 

TNSAPTSSSTKKTQL (MW=1802) 

The amino adds TSS-T" appears to be highly conserved from a variety of sources (see Kohtz. DJ3 et 
M tr — <1988)) - ThUS ' ^ ,0nOWinfl d8rivaliv8S °< »° a»°ve sequence fou^S £££ 

^ ^^^rf 5 ^ T8M ' may te ""I*** as aTceU specific binding Dgand: 

TNSAPTSSSTKKTLggc (MW=2071) 

AbuggTNSAPTSSSTKKTQL (MW=2055) 

« t ^'Z'" T ' Bt , ai -. Bi0ctlern - 1^ 690 < 1979 ) describe an Inhibitory/suppressive haptenic carrier for induction 

* of ant, tody production that is a polymer of Glutamic acid and lysine referred to as poly^^^o? 

'Sc^STLT^^l L^JL^L^ 10 « («»:40). tn fight of current' 

knowledge of T cefl receptors, it is believed by the present inventors that this polymer of glutamic acid 
and lysine encompasses a T cell binding Dgand for the suppressor T cell and thus b believed to be useful 
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_ in the present invention. 

It is well known that both MHC Class I and II molecules are composed of multiple chains that are 
involved in multiple binding to each other, other membrane associated entities, antigens, agretopes. 
epitopes, and T cell receptors. One such molecule. b-2-M discussed above (Qussow, 0. et al. J. Immunol . 
5 139:3132 (1987)), is a small protein associated with MHC Class I. The above-mentioned sequences of b-2- 
M can be used for preparing trivalent heterofunctional cellular immunological reagents of the present 
invention. Similarly, sequences of LFA-3 or la + are useful for preparing trivalent heterofunctional cellular 
immunological reagents of the present invention when one wants to involve both APC and T cells, in 
conjunction with the amino terminal polypeptide of b-2-M at positions 1-21: 
10 INRTPWNVRSRHPAENGKSN (MW2749) 
or the derivatives thereof: 

cgglNRTPKINVRSRHPAENGKSN (MW3020) 

INRTPKINVRSRHPAENGKSNggc (MW3020) 

Since immunogenic for an antibody response, the following polypeptides of human- chorionic 
75 somatotropin (hereinafter *HcS") at positions 166-174 may serve as a control to discriminate between those 
effects that are solely dependent upon the antigen epitope and those that also need the contribution of the 
ligand functional binding to a T cell which these HcS polypeptides do not (see Antioni, G. et al, Mol. 
Immunol 22:1337 (1985)): 

FRKDMDKVE (MW = 1321) 
20 and the derivatives thereof: 

FRKDNIeDKVE (MW = 1 293) 

FRKDNIeDKVEggc (MW = 1565) 

AbuggFRKONIeDKVE (MW= 1547) 

The T cell specific binding ligand or the T cell binding portion thereof or control polypeptide is 
25 commercially available or customized synthesized (Applied Biosystems (Foster City, CA), Biosearch (San 
Rafel, CA) Cambridge Research Biochemicals (Cambridge U.K.), Bachern Inc. (Torrance, CA), Serva 
(Westbury, NY) or obtained from an appropriate natural source. 

The T cell specific binding ligand is stored as a dry powder in a dessicated environment at -20 to 
-70*C. 

30 In the following examples, all media and solutions are made up in freshly prepared glass distilled water 
or water of at least the same or greater quality unless otherwise indicated. These examples are provided for 
illustrative purposes only and are in no way intended to limit the scope of the present invention. 

SYNTHESIS EXAMPLE 1 

35 

Isolation of the b-2-M T Cell Specific Ligand 

The following example describes isolating and determining the T cell specific binding portion of a 
protein, i.e., b-2-M, whose amino acid sequence and nucleotide sequence are known. The approach 
40 described herein Is also useful for a wide variety of other T cell specific binding ligands. e.g.. lectins such 
as concanvalin A, pokeweed mitogen, peanut agglutinin and phytohemagglutirun; antibodies including those 
for cell surface proteins, such as CO-2, CD-3, CO-4, CD-8. etc.; as well as surface proteins such as LFA-3 
and la + , where an of the sequences may not be known. 

In this example, b-2-M extracted from cultured human B cells is purified by. e.g». affinity chromatog- 
45 raphy as described in Lerch, P.G. et al, Mol Immunol. , 23:131 (1986). 

More specifically, the murine monoclonal antibody (anti-human b-2-M) producing hybridoma BBM.1 
(ATCC No. HB-28) is grown in RPM1 1640 media containing 5.0 to 10% (vArj fetal bovine serum. When 100 
ml of cells at a concentration of 5 X 10 s celts/ml are obtained, the cells are collected by centrifugation at 
500 x g at 15 to 25*C for 5 min and resuspended in 50 ml of 0j01 M potassium phosphate buffer (pH 7.0) 
so containing 0.15 M NaCI (hereinafter "PBS"), centrifuged as described above and resuspended in 50 ml of 
the same buffer. 

Each of 15-25 (10-14 week old) Balb/c female mice, which have been inoculated 5.0 to 30 days, 
preferably 10 to 15 days, before with 0.5 ml of pristane (Serva, Westbury, NY), is Injected Intraperitoneally 
with 0.1 to 1.0 ml of the resulting BBM.1 cells (0.2 x 10* to 1 x 10* cellsAnl), preferably 0.5 ml (0.3 x 10* 
55 cells/ml). The inoculated mice are observed every other day for the next 10 days and starting on day 10. 
the mice are examined and ascites fluid collected by the "tapping", i.e., penetration, of the abdominal 
cavity, not more than every other day. with a 16-18 gauge needle (B bevel) and allowing the ascites fluid to 
drain into a sterile 15 ml centrifuge tube. After storage overnight at 4* C to allow the fluid to clot, the clot is 



7 



BP 0 420 913 B1 



removed by centrifuging the sample at 1500 x g at 2 to 8 # C for 15 min and the clear straw to reddish 
colored ascites fluid is collected. The collected fluid is pooled Into 50 ml centrifuge tubes and stored at -20 
to -70 * C until all of the mice that are being so tapped expire. All of the thus collected fluid from one group 
of mice, inoculated at the same time with the same lot of cells, is thawed, pooled, centrifuged as described 
above and aliquoted into 5.0 ml samples and frozen until used. Approximately 50 to 150 ml of fluid is 
collected depending upon the properties of the particular hybridoma employed, such as cell viability, growth 
rate and rate of production; the number of mice; and the overall efficiency of inoculation, collection and 
harvesting of fluid from the clotted material. 

The antibodies are purified from the fluid (serum, ascites, tissue culture fluid) by precipitation and 
separation of the antibodies from many of the other fluid proteins. For example, the antibodies can be 
selectively precipitated by ammonium sulfate as follows. 

The thawed fluid volume is recorded and the fluid is gently stirred while cooling to 4*C in an ice bath. If 
serum is used, an equal volume of cold distilled or deionized water is slowly added. Then, while continually 
stirring, solid crystalline enzyme grade ammonium sulfate (Life Technologies, Inc., Gaithersburg.'MD) is 
added to an amount calculated as follows (total in g = volume in ml x 0.706 g/ml x 0.4). The mixture is then 
stirred for at least 1.0 hours and centrifuged at 3000 x g at 2 to 8*C for 45 min to separate the precipitated 
protein from the soluble material. Next, the precipitated protein is resuspended in a minimal volume, 
typically about 1.0 to 10% of the starting sample, using, e.g., PBS, and dialyzed against the same buffer at 
4 • C for a minimum of 2 hours per buffer change and a minimum of 3 buffer changes, wherein the volume 
ratio of buffer to sample Is at least 50:1. Then, the sample is clarified by centrifugation at 3000 x g at 2 to 
8*C for 15 min and/or by ultrafiltration (0.2 urn filter size) before use or storage. If stored for any significant 
time, the sample is again clarified before use. If a fatty-like pellicle exists floating on top of the fluid phase, 
it can interfere with some of the subsequent steps and should be removed and discarded by either 
collection using a syringe and needle below the pellicle or by passage over a glass wool fiber filter pad. 

More specifically, if 100 ml of ascites or serum is used, 100 ml of water is added along with 56.48 g of 
ammonium sulfate. The precipitated antibodies are resuspended in 5.0 ml of PBS and another 5.0 ml of 
PBS is used to wash the material into the dialysis bag. After dialysis against 1.0 liter of 0.01 M potassium 
phosphate buffer (pH 7.0) for 18 to 72 hours and using at least 3 buffer changes of at least 1.0 liter each, 
the volume is about 15 ml. (Note, different buffers are employed for dialysis depending on the particular 
needs, i.e. ( ion exchange chromatography with a DE-52 (Whatman 111 1 Clifton, NJ) column usually employs 
0.001 to 0.05 M potassium phosphate buffer (pH 6.5 to 7.5), preferably 0.01 M potassium phosphate buffer 
(pH 7.0); or fast pressure liquid chromatography (hereinafter "FPLC") usually employs 0.01 M Tris-HCI 
buffer (pH 7.5 to 8.5), preferably 0.02 M Tris-HCI buffer (pH 8.0)). 

The resulting material is applied to a DE-52 column (2.5 x 10 cm), eluted with, e.g., 0.01 M potassium 
phosphate buffer (pH 7.0) and 2.0 ml fractions collected. The bulk of the antibodies are collected in 
fractions 5 to 15 for a total volume of 20 ml with an average protein content of > 5.0 mg/ml (based on an 
A280 of 1.5 for 1.0 mg/ml). 

Alternatively, polyethylene glycol (PEG-6000) (Sigma Chemical Co., St Louis. MO) can be used to 
precipitate antibodies from sera, ascites and is most useful with large volumes of dilute protein solutions, 
such as tissue culture fluid. 

More specifically, the volume is recorded and the material cooled to 4*C. While gently stirring, fine 
granular PEG-6000 is added to bring the final concentration to the desired % (wA/). For IgM. the final 
concentration of PEG-6000 is about 5.0% (w/v). For IgG, the final concentration of PEG-6000 is about 12% 
(w/v), although in some cases up to 20% (w/v) may be required. The material is left to stir for at least 1*j0 
hour at 2 to 8*C after all of the PEG-6000 is dissolved. Then, the material is centrifuged at *1500 x g at 2 
to 8*C for 30 min and the precipitated and soluble material are separated by decanting. Next, the 
precipitate is dissolved in a minimal volume (1.0* (vAr) of sample volume) of PBS, dialyzed and 
fractionated as described above. 

In another alternative, caprylic (octanoic add) treatment can be carried out to purify antibodies from 
clotted sera, plasma ascites or tissue culture fluid. 

More specifically, concentrated acetic acid is slowly added in small amounts thereto at 4- C with gentle 
stirring so as to adjust the pH to 4 to 5. Then, caprylic acid (octanoic acid) is added slowly with, stirring in 
an amount of, e.g„ 3.3 ml per 100 ml of ascites or serum, for at least 1.0 hour at 2 to 8 *C and the material 
is centrifuged at 3000 xgat2to8*Cfbr30minto separate precipitated non4mmunoglobufins and soluble 
antibodies. The precipitate is discarded, the pH of the supernatant is adjusted to 7.0 with 1.0 M sodium 
phosphate buffer (pH 7.5), the supernatant is dialyzed against PBS, or 0.01 M potassium phosphate buffer 
<pH 7.0). if DE-52 chromatography as described above is to be carried out 



8 



EP 0 420 913 B1 



- To a solution of 0.1 to 20 mg/ml. preferably 10 mg/ml of antibody, purified as described above, is 
added an equal volume, preferably 5.0 ml. of freshly washed Affi-Gel™-10 (BioRad. Richmond. CA) in 0.01 
M potassium phosphate buffer (pH 7.0). Then, the tube or container with the protein and gel is sealed and 
placed at 2 to 8* C in a rotating capped vessel overnight in order to allow the coupling of the antibody to 
s the gel matrix. The next day the liquid is decanted off and the gel is washed at least three times with a 10 
fold volume of cold PBS. The settled gel is resuspended in an equal volume of 0.1 M ethanolamine in PBS, 
stirred for 1 hour at 4*C. washed extensively with PBS and then "stripped* with an agent, such as a 
chaotropic buffer, e.g., 2.8 M MgCb, which can be used to elute the T cell specific binding Pgand. i.e., b-2- 
M, from the bound antibody. Next the gel is re-equilibrated in PBS. and finally stored at 4 # C in PBS 
io containing 0.01 M EDTA and 0.1% (w/v) NaNj. For initial use and after storage for tang periods of time. i.e.. 
greater than 1 week, the gel is first poured Into a column <uo to IS x 2J5 to 5 cm) which Is washed with 50 
ml each of PBS, 2.8 M MgCb and PBS. 

Next, the T cell specific binding figand b-2-M is prepared from cultured human B cells (H^L 92.1.7) 
(ATCC No. TIB-80). More specifically, HEL 92.1.7 cells are cultured in a suspension culture using RPMI 
is 1640 containing 10% (v/v) fetal bovine serum. Approximately 1000 ml of cells, at a density of about 5 x 10 s 
cells/ml are collected. The cells are then extracted for b-2-M as described by Lerch, P.G. et at. Mot 

Immunol. . 23:321 (1 986). : 

Alternatively, the cells are suspended in 10 to 20 ml of cold 3.0 M KCI and after allowing to sit for a 
brief time, the treated cells are centrifuged at 3000 x g at 2 to 8 - C for 30 min so as to pellet and separate 
20 the solublized surface membrane released proteins from the insoluble material. To the solubifized mem- 
brane proteins is added a 1.0% (v/v) of Triton™ X-100. Then, the material is dialyzed against 3 changes of 
1.0 liter each of cold PBS. After dialysis, the sample is clarified by centrifugation at 10.000 x g for 30 min. 
The preparation may be filtered using a 0.2 urn filter if desired. 

Thereafter, the sample is applied to the anti-b-2-M affinity column prepared as described above, eluted 
25 with 100 ml of PBS or more until the absorbance level In the eluent. as monitored by absorption at Aaso. is 
less than 0.1% of the starting sample or is undetectable. Then, the T cell specific binding Bgand. i.e„ b-2-M 
is eluted with 2.8 M MgCb, at a flow rate of 1 to 20 ml/hour. Individual fractions having a volume of 0.1 to 
2.0 ml are collected depending upon the sample, buffer and column. 

Size exclusion (molecular sieve) and/or desalting (buffer exchange) chromatography with appropriate 
so sizing characteristics for the T cell specific binding figand and buffer is carried out on the peak protein 
containing fractions from the affinity column described above to reduce the salt content from the 2.8 M 
MgCb and to separate aggregated material from native material. Neutral, non-dissociating buffers, e.g.. 
PBS, or other saline buffers with pH ranges of 6.0 to 9.6 such as, Tris-HCt. 0.05 M sodium barbital, 0.05 M 
sodium borate or 0.1 M sodium bicarbonate can be employed for this chromatography. In some cases, 
dissociating buffers. e.g. t 5.0 M guanidine HCI. 8.0 M urea. 0.1 to 2.0% (vA/) detergents, such as Triton™' 
X-100 can be employed for this chromatography, especially for removal of aggregates. Buffers which are 
volatile for ease in lyophilization such as, 0.1 to 1.0 M ammonium formate or 0.1 to 1.0 M ammonium 
acetate can also be employed. Nonvolatile buffers are preferably employed if lyophilization is not required. 
The sample volume is about 1.0% (v/v) or less of the bed volume, the void position is about 0.3 to 0.4 of 
the bed volume, the internal volume is about 1.0 to 1.2 of the bed volume and the optimal fraction size is 
about 1.0% of the column. Collection of fractions begins upon application of the sample. The flow rate is as 
specified by the manufacture, preferably using mid-point to lower values. 

Enzyme digestion of the resulting purified T cell specific binding figand Is then carried out to determine 
the T cell specific binding portion thereof. More specifically, 2.0 mg/ml of the purified T cell specific binding 
figand Is dissolved In an appropriate enzyme digestion buffer, such as 0.1 M ammonium acetate (pH 7 J0), 
and to 1.0 ml thereof is added 50 ul of a proteoryfic enzyme, such as trypsin, chymotrypsin, thermolysin. 
proteinase K, Staphylococcus aureus protease, Submaxilaris protease, subbTistn, or clostripiah. to achieve a 
weight ratio of enzyme to substrate of 1:50. For example. 0.1 ml of purified b-2-M at 20 mg/ml In PBS Is 
added to 0.9 ml of 0.1 M ammonium acetate (pH 7.0). Then. 50 ul of a 2.0 mg enzyme solution In water is 
added. Incubation is carried out at about 37 -C for time intervals of about 10 to 120 min. At this point, the 
reaction in, e.g„ a 13 x 100 glass test tube capped loosely with a marble, is terminated by immersion of the 
tube to a depth of 2.0 to 4.0 cm in a boiling water bath for 5 min. The terminated reaction sample is then 
lyophilized, or in some cases 100 ul thereof is added to 10 ml of PBS, and assayed directly. The latter Is 
carried out at the initial stages when it is not necessary to separate the digested polypeptides, he., it is only 
necessary to determine an allowable reaction condition for limited proteolysis to yield digested polypep- 
tides. In this case, 6 replicate sets of reactions for each enzyme are prepared and termination is carried out 
after 0, 10. 20. 30. 60 and 120 min of incubatioa Trypsin digestion is also performed on native and 
citraconylated T cell specific binding Ggands to distinguish between lysine and arginine sensitive sites. 
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Note, citraconylated lysines are resistant to trypsin hydrolysis. 

More specifically, multiple preparations are separately prepared as follows with each enzyme and time 
point 0.1 ml of a purified b-2-M preparation containing 20 mg/ml protein in PBS is added to 0.1 M of 
ammonium bicarbonate (pH 7.0) and then 0.05 ml of a 1.0 mg/ml enzyme solution of trypsin, or proteinase 
s K, or chyrnotrypsin, or thermolysin. Staphylococcus aureus protease or clostripain or Submaxilaris protease 
or subtifisin Is added. For each time series, 6 Identical preparations, in 13 x 100 mm glassiest tubes 
covered with a glass marble that fits over the tube top, are prepared and the reaction terminated by 
immersion of the tube to a depth of over 3.0 cm in a boiling water bath for 5 min after 0. 10. 20. 30. 60 and 
120 min of incubation. As discussed above, if comparable reactions (for trypsin only) are carried out with or 
io without citraconic anhydride treated b-2-M polypeptide, only the arginlne sites are sensitive to cleavage 
since the lysine sites are protected. 

In some cases, selective chemical hydrolysis using, for example. CNBr to cleave methionines is 
employed in formic acid. Other cleavage sites with other agents or conditions have been reported (see 
Fontana, A., in Meth. in Enzymol., 25:419 (1972); Ozols. J. et ai, J. Biol. Chera. 252:5986 (1977)* and 
is Hunziker. P.E. et al. Biochem. J., 187:51 5 (1 980)). 

Amino and carboxyl terminal amino acids are determined using either appropriate proteases as 
recommended by the manufacturer (Pierce Chemicals. Rockford, IL) or by a system for automated 
sequential degradation, separation and analysis. i.e.. a "polypeptide sequencer" (Applied Biosystems 
Foster City, CA). Also, it is often the case that the polypeptide will be analyzed for total amino add content 
so after hydrolysis for 24, 48 and 72 hours in boiling 6.0 N HCI or using other appropriate means as 
recommended by the manufacturer of an "amino add analyzer" (Beckman. Palo Alto, CA; and Applied 
Biosystems, Foster City, CA). 

To detect a reactive polypeptide derived from the purified T cell specific binding ligand, a standard 
competition inhibition immunoassay is performed wherein the test specimen, e.g.. enzyme-digested sample 
as is incubated at several dilutions with the ligand binding spedes prior to the indicator being incubated with a 
labeled indicator. Normally, replicates are carried out at at least 3 different dilutions, usually over 3 ten fold 
log. i.e.. 1/10. 1/100. and 1/1000. With very concentrated or high affinity T cell specific binding ligand 
higher dilution levels are employed, such as 1/10.000, 1/100.000. up to 1 .000,000 or even greater. 

The labelled indicator in this case is b-2-M that is coupled with an appropriate molecule such as Biotin- 
N-hydroxysucdrnide ester (Biotin-NHS) (Pierce Chemical, Rockford. IL). Other labelled indicators indude 
radioisotopes, fluorescent dyes or common color developing enzymes, such as horseradish peroxidase, can 
be employed in place of Biotin. The competition can be carried out with a monodonal antibody or other 
ligand binding spedes. such as a T cell membrane. In the former case, after the appropriate pre-incubation 
of the diluted enzymatic or chemically digested materials and the Biotin-b-2-M conjugate at the optimal 
dilution, which is determined previously for that particular lot. the mixture of materials Is reacted with the T 
cell or immobilized monoclonal antibody. Typically with a 1.0 mg/ml solution of b-2-M and an indica- 
tor/protein ratio of 2.0 the dilution win be 1:10,000. Immobilized monodonal antibody can be employed if 
properly selected to recognize the same ligand as the T cell membrane component. i.e. t if it competes with 
the T cell for binding to the native ligand. The use of non-living material Is preferable tor a number of 
reasons, including less dependence on sensitive critical and sometimes unavailable Irving material, ease of 
use and control of conditions. 

After incubating the mixture of the competing spedes and the Immobilized material (cells or antibody 
coated microplates), for example, at 37*C for 120 min for monoclonal antibody coated microplates. or at 2 
to 8* C for 30 min for T cells, the cells or microplates are washed extensively with PBS, and the presence 
of the bound labeled spedes detected, directly if possible or developed as required. H development is 
required, a conjugate of avidin and either horseradish peroxidase or fluorescein is used at a dilution of 1 :250 
to 1:5000 and Incubated as described above for the Biotin-derivative, and washed and processed as 
required to detect its presence. 

Once a enzyme system is identified that digests the T cell specific binding ligand but does not 
substantially alter its activity, it is verified that the reactive polypeptide is indeed a polypeptide by a variety 
of techniques, such as RP-HPLC. high voltage electrophoresis and ascending thin layer chromatography. 

For RP-HPLC. a C-18 column (Vydac 15 to 20 um 300 A pore size 30 x 5 cm) can be used. In this 
case, a gradient of a mbcture of aqueous triethylammonium phosphate (TEAP W ) (pH 2-25) and 60 or 70% 
(v/v) acetonitrile with 0.1% (v/v) aqueous trifluoroacetic acid (hereinafter TFAT in TEAP can be used as an 
elution buffer. A flow rate of 2.0 ml/min for an analytical column and 80 to 120 ml/rnin for a preparative 
column can be employed. Polypeptides are detected by monitoring absorbance at Aaw (see Hoeger, C. et 
al. Biotechniques . 2:134 (iQS7\\. 
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For high voltage electrophoresis, two-dimensional separations using a solid support, such as Whatman 
3MM paper, is carried out A total of 100 to 400 ug of enzyme digested material is loaded onto the support 
by multiple additions and drying of 5.0 to 10 ul samples of enzyme digested material onto a spot in the 
comer, inside 1.0 cm in each dimension, of 23 x 23 cm paper. High voltage electrophoresis is carried out 
using a buffer system of pyridineacetic acidrwater (25:1225 (v/v/v)) at 2.0 kV and 35 to 60 mA for 80 min at 
2 to 8'C. After removing and drying, the support is rotated 90 degrees and then equilibrated in the solvent 
described below for thin layer chromatography (TIC) and chromatographed in the same manner. After 
drying, polypeptides are detected by the use of 0.0215% (w/v) of a commercial Ninhydrfn Spray or 
fluorescamine dye (Hoffmann-LaRoche. Nutley, NJ) in acetone and UV light 

For ascending TLC. 3D ill of lyophoGzed enzyme digested material is dissolved in 10% (v/v) acetic acid 
at 2.0 mg/ml. Among the useful commercially available TLC plates are those available from E. Merck 
(Damstadt, West Germany). The sample (3.0 ul) is applied to the plates which are placed above an 
atmosphere saturated with a solvent system of pyridineivbutanolacetic acid water (50:75:1 5:60 (v/Wv/v)) at 
4 • C. After allowing to equilibrate for 2 hours, the plates are introduced into the solvent to a depth of about 
1.0 cm and allowed to develop overnight Usually the solvent front advances up about 18 cm. The plates 
are then removed and dried at room temperature After drying, the polypeptides are detected as described 
above. The polypeptides so detected are then eluted from the plates with 0.07% (v/v) ammonium 
hydroxide, followed by competitive inhibition analysis (if an appropriate dilution is allowable with the buffers 
or else lyophilized first to concentrate such). 

The separated polypeptide may be fixed onto the plates (or paper if appropriate) with 2.0% (v/v) 
glutaraldehyde for 15 min, •blocked" with a mixture of 2.0% (v/v) serum of the same species as the 
enzyme conjugated antibody to be used later and 2.0 to 10% (v/v) bovine serum albumin in 0.1 M Tris (pH 
8.0) containing 0.15 M sodium chloride. Then, the fixed polypeptide is analyzed for reactivity by reaction 
with about 0.1 ug of, e.g., Biotin- or enzyme-, such as horseradish peroxidase or alkaline phosphatase, 
conjugated antibody by incubation therewith for 1 to 18 hours at 4 to 37 *C, washed with the same buffer 
and then developed with a precipitating color as per standard Western blot immunological procedures 
(Biotech, Rockville, MD). 

Alternatively, if the labelled indicator that the polypeptide reacts with is an antibody, the unlabelled 
antibody is dissolved in freshly prepared 0.15 M sodium carbonate buffer (pH 95) at a concentration 
generally of about 0.1 to 10 ng/ml, and then added in an amount of 100 to 200 itl/well of microtiter plates 
(Immunion Dynatech, Alexandria. VA or BD, Oxnard. CA). This coated antibody, while reactive with the 
parent molecule and derivatives thereof, is of a different specificity than that of the labelled antibody. Thus, 
it does not compete, interfere or stimulate the binding of the other antibody but, rather, only serves as a 
means of attachment for the ligand that the other monoclonal antibody binds. The plates are covered for 2 
hours at room temperature, washed 3 to 5 times with 0.01 to 5.0% (v/v) bovine serum albumin (hereinafter 
"BSA) along with 0.1% (v/v) Tween™^, or other mild detergent such as, Triton™ X-100. In PBS at 4 # C. 
If necessary, 0.01% (v/v) PVP and/or 5.0 to 20 mg/ml of sugar, such as dextrose or sucrose are added for 
stability in the last few washes, dried and stored In a dark moisture free environment 4*C. In addition, if 
necessary, the wells may be fixed with agents, such as 0.25 to 2.0% (v/v), preferably 0.25% (vAf) of 
glutaraldehyde prior to blocking with BSA. 

An appropriately diluted sample of polypeptide (1:100 to 1.000,000) in PBS containing 0.1% detergent. 
e.g., Tween™-20, is added along with diluted animal sera of the same type as that of the detection 
conjugate (enzymerantibody) and incubated at 37* C for 30 min to 24 hours. Then, the wells are washed 5 
times with PBS and an appropriate dilution of the detection conjugate (11000 to 100.000) in the same 
buffer is added incubated and washed as described above. Next substrate is added and detection is 
carried out as described above. 

In addition, the amino acid composition of the final product is determined and then compared with the 
predicted amino acid composition. A deviation greater than 5 to 10% is investigated in order to verify that 
the product Is what Is expected, and that the deviation Is due to the hydrolysis condition used to determine 
the enzyme digest 

The particular antigen or epitope thereof which is associated with disease is also not critical to the 
present invention. Examples of such antigens include allergens, such as cat dander antigens, dust mite 
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. In addition, the particular causative aoent of disease tn wh^h ^ 

Recently, several polypeptides have been reported that are able to oenerato nnwww «. . _ 
pnon protein having the following sequences at positions SO-lT H^rT^T that react with a 

Barry. RA et al. J. Immunol.. 140-1185 <1988)V * ^' '"P***"'* (see 

GQGGGTHNQWNKPGGC (MW=1960) 

" MWTDVGLCKKRPKPGGWNTGGSYRYPGGC (MW-3685) 
CGGKESNAYYDGRRSSA (MW=2109) 

GITPAVKRDVDLFLTGTPDEYVEQVAQYKAPDV (MW= 42131 
a> or the derivative thereof: ' 

GITPAVKRDVDLFLTGTPDEYVEQVAQYKAPDVc <MW=4331) 



FRPSQQN (MW=983) 
and the derivative thereof: 

FRPSQQNggC (MW = 1255) 



G(I/M)WGCSGK(UHXI/L)C 

a -a- Thus for JmT. ^ !r -J? _ n ° PossiWo amino acids for these positions enclosed bv 

^Some animal experiments demonstrate that the following adjacent region of HP/ gp41 at positions 609- 
50 CTTAVPWNASWS (MW=1700) 

& l53S?KiS!^7 f iJ^Sr^ S hUmaftS «~ JW " et at, J. Infect 
deTecTcin be.fal?!!?- Immunogenic can be the result of one or more defects. QmSS 
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t>r in one form: 

LGLWGCSGKUCTTAVPWNASWS (MW=31 18) 
or the derivatives thereof: 

cggLGLWGCSGKLICTTAVPNASWS (MW=3389) 
5 LGLWGCSGKUCTTAVPWNASWSggc (MW=3389) 

If the sensitive sites of the internal cysteines are substituted with amino-butyric acid (Abu) the eoitorw 
has the sequence shown below: 

LGLWGAbuSGKUAbuTTAVPNASWSggc (MW « 3353) 

Another HIV envelope protein is gp120. One of the epitopes thereof associated with humoral immunity 
to includes the sequence at positions 108-119 (see Gnann, J.W. et al, J. Infect Dis.. 156:261 (1987»* 

ILSLWDQSLKPC (MW-1690) 

Chanh. T.C. et al, EMBO J.. 5:3065 (1986); Chanh, T.C. et al. Eur. J. Immunol , 16:1465 (1986)- 
Kennedy, R.C. et al, J. Biol. Chem. . 262:5769 (1987); and Kennedy. R.C. etll. Science , 231:1556 (1986)) 
describe the same epitope using their sequence position nomenclature at positions 503-532T~ 
15 VAPTAKRWQRKRAVGIGALFLGFLGAG (MW=3340) 
or the derivative thereof: 

VAPTAKRWQRKRAVG IGALFLGFLGAGggc (MW=361 1) 

One of the first synthetic polypeptides shown to be immunogenic, in terms of antibody generation for 
HIV was that for the gp41 protein at positions 735-752: 

(R/D)RPEGIEEEGGERDRDR(S/G)C 
or one form thereof: 

RRPEGIEEEGGERDRDRSC (MW = 2570) 
(see Kennedy. P.C. et al. Science . ^1:1556 (1986)) and is believed to therefore be a useful polypeptide 
sequence in whole or in part. 
w Another one of the HIV proteins, gag p17, at positions 92-109: 
IDVKDTKEALEKIEEEQN (MW = 2438) 
or the derivatives thereof: 

abugglDVKDTKEALEKIEEEQN (MW = 2691 ) 
IDVKDTKEALEKIEEEQNggc (MW = 2709) 
due to its similarity to thymosin alpha, has been discussed as a candidate for immunization to generate 
humoral antibodies (see Sarin, P. et al, Science . 232:1135 (1986)). The sequence relationship to thymosin 
alpha strongly suggests the need and relevance to cellular immunity since thymosin alpha is considered to 
be an immune system hormone or immunomodulator. 

Other HIV gag polypeptides from both the p17 and p24 region described by Gnann. J.W et al. J Infect 
Dis.. 156:261 (1987) are believed to be useful in the present invention. These derivatives are intent 
since some animals can recognize and make antibodies to these epitopes and serum antibodies are 
neutralized in an in vitro assay using these epitopes (see Ho. D.D. et al, J. Virol., 615024 (1987); and Sarin 

P. et al. Science , 232:1135 (1986)1. 3 

As discussed above HSV EBV CMV, HBLV and VZV antigens are also believed to be useful in the 
present invention. For example, Zweig, M. et al, J. Virol.. 51:340 (1984) describe for HSV gC. the followtna 

antigenic sequence at positions 128-139: mowing 

DRRDPLARYGSR (MW-1659) 
or the derivative thereof: 

DRRDPLARYGSRggc (MW-1932) 

* mcw 8 ^; 01 ^ * - — ' SI 23607 < 19S7 * Weijer. WJ. et al. X Virol. 62:501 (1988) describe for 
HSV gD. the antigenic sequence at positions 1-30. especially at positions 9^7 and In particular, the amino 
acids at positions 10, 16 and 20: 

KRALADASLKMADPNRFRGKDLPVLDQLTD (MW=3888) 
or the derivatives thereof: 

so KRALADASLKMADPNRFRGKDLPVLDQLTDc (MW=4009) 

Wnchington. Pit et al, J. Wot. 62302 (1988) describes for the major DNA binding protein of VZV. the 
antigenic sequence at the carboxyl terminus: 

PIKHNGITMEMI (MW«1602) 
or the derivatives thereof: 
«s PIKHNGITNleENIelggc (MW= 1817) 

AbuggPIKHNGITNIeENIel (MW=1799) 

518to b W3 D E " ^ * " — " 1108 (1988) d8SCfibe for 667 OP 85 - * e sequence at positions 



30 



35 



40 



13 



EP 0 420 913 B1 



- CSLEREDRDAWHLPAYK (MW = 2467) 
The surface antigen protein of hepatitis B virus has the following antigenic region at positions 144-159 
(see Pfaff, E.M. et a!, EMBO J.. 1 £69 (1982)): 
LRGDLQVLAQKVARTL (MW = 2079) 
s or the derivative thereof. 

LRG DLQVLAQKVARTLggc (MW = 2350) 
or using the nomenclature of others at positions 139-158 (see Bhatnagar. PJC et at Proa Natl. Acad. Sci. 
USA, 79:4400 (1982)): 

CTKPTDGNCTCIPIPSSWAF (MW = 2573) 
io or the derivative thereof: 

CTKPTDQNAbuTAbulPIPSSWAF (MW=2537) 

The preS-2 region of hepatitis B virus is also antigenic, particularly at positions 99-121 (see Jolivet 
M.E. et a!, Infect & Immunol. , 55:1498 (1987), and Aubibert, F.M. et al, Infect & Immunol , 45261 (1984): 
DYQGMLPVCPLIPGSSTTSTGPC (MW=2731) 
is or the derivative thereof: 

DYQGNietPVAbuPLIPGSSTTSTGPC (MW=2685) 

Bacterially important epitopes are described in Beachley, E.H. et al, J. Exp. Med, 166:647 (1987), e.g., 
the streptococcal epitopes of the approximately first 10 amino terminal region of the M protein of three 
strains of streptococci and a polypeptide containing these three different amino terminal sequences: 
20 TVTRGTISDPRVFPRGTVENPVATRSQTDTSEKc (MW=4301) 

or a derivative thereof where the lysine, which contains a potential reactive group, is substituted by glycine, 
which, since it is adjacent to the added cysteine not found in other variants at this location, suggests that it 
is outside of the primary epitope: 

TVTRRGTISDPRVFRRGTVENPVATRSQTDTSEGc (MW=4230) 
25 Jolivet M.E. et al. Infect & Immunol. , 55:1498 (1987) describe the following antigenic sequence for 
diphtheria toxin at positions 186-201: 

CAGNRVRRSVGSSLKC (MW = 1 945) 
or the derivative thereof when the internal cysteine is replaced by amino-butyric acid and two alanines are 
added: 

30 aaAbuAGNRVRRSVGSSLKC (MW2123) 

The circumsporozoite stage protein of Plasmodium, including but not limited to such species as 
falciparum, knowlensi, etc. referred to as CSP-1, has an internal repetitive sequence depending upon the 
species (see Use, LD. et al, Infect & Immunol. , 552658 (1987); Ballou. W.R. et al, Science , 228:991 
(1985); Jolivet M.E. et al. Infect & Immunol. . 55:1498 (1987); Patarroyo, M.E. et al. Nature , 328:629 (1987): 
35 and Good, M.F. et al, Science , 235:1059 (1987)). The following antigenic sequences of CSP-1 are believed 
to be useful epitopes in the present invention: 

NANPNANPNANPNANPNAC or (NANP)* C (MW = 1 994) 
YfQAQGDGANAGQPfeC (MW=2925) 
c(QAQGDGANAGQP)2y (MW = 31 06) 
40 Other sequences of the CSP-1 used for vaccines include the repetitive sequence: 
[(NANP)i s (NVDP)fe (MW = 1 5047) 
as well as the following two sequences at positions 103-116 and 323-349, respectively: 
EKLRKPKHKKLKGP (MW» 1992) 
NNEEPSDKHIEQYLKKIKNSISTEWSPC (MW=3849) 
4s (see Good. M.F. et al, Science . 235:1059 (1987)). The latter sequences have been used for generation of an 
immune response either directly or indirectly by "helper T cell epitopes*. The last sequence was shown to 
be restricted by the l-A and or H-2 MHC genes of certain phenotypes. 

The amino terminal polypeptide sequence of another Plasmodium protein, Le., the 35 kd protein, having 
the following sequence, has been used for humoral responses (see Patarroyo. M.E. et al, Nature . 328.-629 
so (1987)): 

WGGPANKKNAG (MW = 1237) 
or the derivatives thereof: 

abuggWGGPANKKNAG (MW-1622) 
WGGPANKKNAGggc (MW=1641) 
65 Other polypeptides from malaria proteins which can be employed include those described In Etfinger, 
H.M. et al, J. Immunol.. 140:626 (1988); Sadoff, J.C. et al, Science 240336 (1988); Richars. RA. et al, Infect 
& Immunol. , 56:682 (1988); Richman. S.J. et al. Proa NatL Acad. Sci. USA . 85:1667 (1988); Weiss. W.R. et 
al, Proc. Natl. Acad. Sci. USA, 85:573 (1988); Good. M.E. et al, J. Immunol. . 140:1645 (1988); Brake. DA et 
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*l. J^mmunol, 140:1989 (1988); and Good, M.F. et a!. Proc. Natl Acad. Sci USA ashoo ,00. 
CUDDWSLIRGGTRK (MW « 201 5) 

cVPNLRGDLQVLAQKVARTLP <MW=2652.2) 
This epitope is of a similar size and composition to the above-described nohm^in^ 

IFAGIKKANERAEUAYLKQATKC (MW=3094) 
The antigen associated with disease or a causathm »»i «i w_ 
polypeptide is commercially available? " Cpitop ° thereo ' w «"** 

Bfosearch (San Rafel, CA^brSe Res^B^LT^ ^ P' 08 * 5 ***- Foster CHy. CA). 
CA). Serve (Westbury. NY) or obtained frorn1»!e^a«ve^urce * ^ **** te 

*y Xri 0 n e a n SSSS£S:XSZ — — — — ^ — as a 

«-^l2?j££ 't^SSSSS^^ rea9ent * ^ »"« ™<*°" is no, 

acids in lenoth. *^ 3£ ^ — « « 1» amino 

- oTbiS^^ * ST" " - *> P-P-ed by tne 

to covatently link the T £ Sc^t^Sd ?• ^ ^ emP '° yed in *• »«— * ^nfi°n 

activates an amino flroVa^d STcotpS l a ^™ ' ChemiCa '- » L >. which 

disulfide bond between fte two ^ 7 f°" P to a so as to form a 

(hereinafter -EDC-V^Si m S SSSSt^Jt ^^^^^^ylaminopropylJcart^Jiimide 
actrvating the can^o^u^?™ ^ D Sd n ^trr^ ^ bv sequentially 

polypeptide. N^socySoiZJnomSSn SSSSLZl^ *£" 8 *"* * m amino ° rou P ° f another 
other reagents co^on^emZS to itSS^ " d O'^^hyde. which are 

available from Pierce OtantolfS^rSS? J ^ in the P resent invention and are 

cen specffiTblS^ ^giolS ' ^ ^ ""^le sequence of the T 

■hereof are adjacSt Hen^^^n!^ 01 ***** or 

molecule Is synthesized re^binStlT ^ vector so that a angle 

^"sZT^TJZ^^ ^ "'^ ^ P—t invention, it is first 
can bTIbsilTwJn T^^JlTrliLT^^ intod *> « «° determine what amino adds 
methionine, or Jt^t?*?. ZZTlZZ^' "? J***" 6 ™ 0f ~*«"*» * 
desired sequences coS a^eine ^'suSt,ln ^, S¥n ^ ° f ft ° P 0 '**^ 8 - * *» of the 
polypeptide can be finkj "uJtaSTili S^L^J 8dd ' S "* P™** *» 

Poetical if it is not essential thaf the cvstei no £ £Sf? .r Jf? """w^c add is 

reactive group. If a cysteine is* Z, Y a disu " id9 bond to another cysteine or another 

the T eel? sp£ffe S!b!££S^2 J ^^J erminal of ■» P°«yP0PWe i, is IS likely to be to 
using MBS ^£^. ^ * ** ^ ^ ^ ^ 
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- Depending upon the synthetic reactions or other conditions, protection of other reactive groups such as 
the epsilon amino of lysine, or groups of arginine. histidine and the carboxyl or derivatives thereof of 
aspartic and glutamic, may not be necessary. In this case one can proceed directly to the Unking of the T 
cell specific binding ligand and antigen associated with disease or a causative agent of disease or epitope 
thereof so as to produce the heterofunctional cellular immunological reagent without prior Privatization for 
protection. 

Protection, such as the temporary blockage of the epsilon amino of lysine is accomplished by 
pretreatment of the polypeptide with citraconic anhydride, maleic anhydride or other similar add anhydrides 
that wiP reversibly displace the Hon the amino groups. After the construction of the heterofunctional cellular 
immunological reagent the acid group added to the amino when the H is displaced is in turn displaced bv 
acid treatment 

SYNTHESIS EXAMPLE 2 USING SPDP 

The following example describes the production of a heterofunctional cellular immunological reagent 
oompnsmg an HIV epitope covatenUy linked using SPDP to the T cell specific binding ligand portion of b-2- 

3.4 mg (2.0 umole) of the derivative of the HIV gp4l epitope: 
AbuTTAVPWNASWS (MW=1682) 
is dissolved in 1 .0 ml of 0.1 M sodium phosphate buffer (pH 7.5) at 15 to 25 • C In a conical stirring reaction 
vessel. To this solution is added 0.1 ml of a freshly prepared SPDP solution (20 umole) (6.4 mg/ml of SPDP 
dissolved in ethanol or DMSO). (Note, if the water soluble forms of substituted SPDP are available they 
should be employed since this avoids the undesirable use of organic solvents such as DMSO or ethanol ) 
The reaction mixture is stirred for 03 hours at 15 to 25'C. after which time the material is chromatog- 
raphed I using a desalting column, such as Blc-gel™ P2. P4 P6 or P10 (BioRad. Richmond. CA) or the 
Sephadex~ equivalent In this example, preferably P-2. P-4 or Sephadex~ G-10 (Pharmacia. Piscataway 
NJ) is used. The column's internal dimensions are 1.5 x 75 cm (although dimensions of 0.9 to 25 x 50 to 
100 cm are also satisfactory). 

Elution is carried out using 0.05 M sodium phosphate buffer (pH 7.0) containing 0.15 M Nad. at a flow 
rate of 10 to 25 ml/hr. (If the material is to be ryopholized. an acceptable alternative buffer which can be 
used is 0.05 to 0.1 M ammonium acetate buffer (pH 7.0).) 

About 100 or so equal tractions (between 0.5 and 1.0 ml in size for the preferred column) are collected 
Then the column is eluted with at least 100 ml more of the same buffer. The elution profile is monitored by 
recording the absorbance at an appropriate wavelength, typically between Ai, 6 and A«o. Under Ideal 
conditions of gel size, flow rate, buffer, conformation of polypeptides, etc, there may be some resolution 
especially on the leading edge, of substituted and non-substituted polypeptides. If such desirable resolution 
occurs, then a skewed selection of the first peak Is desired. The main peak (normally 2 to 3 1 .0 ml fractions 
but on occasion fractions 4 to 6 1.0 ml fractions) that represent the bulk of the first peak containing the 
substituted polypeptide are then pooled. A typical expected yield of the SPDP-polypepfide is 50-75% 

The resulting species is a 2-pyridyNBthio^iopIitate-poIypeptjde between the carboxyl of the propinate 
and an amino group in the polypeptide, wherein the N-hydroxysucdmide of the SPDP is displaced bv the 
amino group of the polypeptide. 1 
Next the T cell specific binding ligand portion of b-2-Kfc 
KDWSFYLLYYTEFTPTEKDEYAC (MW=3400) 
which contains a cysteine at the carboxyl terminal is employed. To insure that this polypeptide does not 
torn any polymeric disulfides. 6.8 mg of this polypeptide, in 1.0 ml of 0.1 M sodium phosphate buffer (pH 
7J). is reduced in the presence of 10 mM dithiothrefjol (hereinafter "DTT") (freshly prepared by dissolving 
15.4 mg of DTT in 1.0 ml water and then adding 100 ul to the above polypeptide solution). After 45 min at 
temrjerature, 109 «*toced polypeptide is separated from the DTT and other products by fractionation 
on a P4 or P-6 column (BioRad. Richmond. CA). The peak fraction of the polypeptide is separately pooled 

Next estimated equal molar portions of each polypeptide are mixed in a reaction conical stirring vessel 
^L ,f 7^°° a " 0wed 10 proceed <or 2 hours at IS to 25-C. Under these conditions, the reduced 
sulfhjrdryl of the cysteine in the b-2-M polypeptide preferentially reacts with the 2-pvridyl-propinate^sulfide 
I r* *L po,ypepfide - *• is displaced and a new disulfide is formed which results In a dipeptide 

bndge with a propinate residue. If desired, a chelating agent such as 0.001 to 0.01 M EDTA. may be added 

1Z ? e . S '? & feaCtions witn contaminating heavy metals that may sometimes be introduced by. e.g.. 
contaminated water, buffers, etc. 
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- Then, the reaction is terminated by separation of the products and reactants on a molecular sieve and 
desalting cobm isuch as G-10 or G-25. In this example, a matrix, buffer and flow rate allowing separation 
of 1^ 3.2 and about 5kO materials is desired and either a P-6 or G-10 column is the preferred choice. The 
sample volume is approximately 5.0 ml and a column of 2.5 to 5.0 cm diameter is used. In addition it is 
desirable to add stabilizers, such as 0.15 M sodium chloride. 0.001 M EDTA and often 001% "fwM 
^ethylene glycol 6000 in 0.1 M glycine buffer (pH 6.0). along with a bacteriostatic agent, such as 1000 
units of penicillin or 10 itg/ml of streptomycin, at this stage. Further, the pH of the elution buffer can be 
reduced to pH 6.5 for stabilization and storage. 

Alternatively. RP-HPLC separation or high voltage electrophoresis can be carried out as described 
above for separation and so as to determine the purity thereof. If the elution buffer used has a reduced oH 
such as 5.2 or 7 JO, it is desirable to use RP-HPLC. wjucbu pn. 

The resulting heterofuncfional cellular immunological reagent is set forth below: 

KDWS FYLLYYTEFTPTEKDE YAC- SPDP - AbuTTAVP WNASWS 
(b-2-M 58-84) (HIV 605-620) 



SYNTHESIS EXAMPLE 3 USING MSB 

The following example describes the production of a heterofunctional cellular immunological reagent 
compnsing an HIV epitope covalently linked using MSB to the T cell specific binding figand portion of LFA- 

" T?c ( f •? / Um0 !f > . ol 8,0 "»*«*». amino-butyric acid form of the T cell specific binding ligand 

Vwa^'it Z^^ 9 '' J B - 2^ :76 ° < 1987 > 80(1 Seed- Nature. 329:840 (1987)): 
SRHRYALIPIPlAVTTTCIVrYMNVL (MW=3431) 

or the derivative thereof: 

SRHRYALIPIPUVrTTAburVIYNIeNVX (MW=3385) 
is dissolved in 1 0 ml of PBS. To this solution is added 50 u\ of a MBS solution (4.0 umole) (24.8 mg/ml of 
MBS .n dimethylformam.de) in a conical reaction vessel. The reaction mixture is continuously stirred for 30 
mm at room temperature. Then, the reaction is terminated as described below. 

™, Th t, Pr0dUCtS * nd reactents ^ separated by desalting on an appropriate column as described above 

KSK™ - IT^ 9 * 40 Cm) at 4 ' C usina 28 the e,utlon 01 M ***** Phosphate" 
buffer (pH R0) or 0.1 M sodium phosphate buffer (pH 6.0). The pool of the relevant fractions containing the 

7?**?."!!? * *" C Un,n 036 (norrnaBy 24 Wed yield of ihe MBS- 

bSc^M 18 ^ reSUltin9 polypeptide te *" amino s»bs«"led polypeptide derivative of 

S . jr^T?" 9 ^ , /P e P fide - estimated as 3.1 mg in 3.0 ml of 0.1 M sodium phosphate buffer (pH 6.0) 
m «J !^i?"I a ^ n9 5 - 2mfl(2 ^ ) wno,e > <* tollowin 9 HIV gp41 epitope dissolved in 0.05 to 0.1 
sod,um Phosphate buffer (pH 6,4) containing 0.15 M sodium chloride and 0.01 M EDTA: 
RRPEGIEEEGGERDRORSC (MW=2S70) 
It is important that the above buffer is deoxygenated by at least 3 repetitive cycles of vacuum-bleeding prior 
to use to rmninruze dissolved gases. Alternatively the buffer can be prepared from freshly boiled disced or 
deionbed water that is then stored in stoppered air-tight containers. 

£*?' on ,s ^Jr* to ■«•«• «or 3 hours at room temperature and then is terminated by the 
2-rnercaptoethanol to a final concentration of 1.0 mM (60 wl of a 0.1 M solution of 2- 

oTm^T 0 ?^^ t ! y . the addifion 01 ^y^eimide to a final concentration of 2.0 mM (60 ul of a 

m solution off N-etfiytmaletmide). 

Next the product is purified as described above and stored at pH 6.0 to 6.5 In the presence of 
preserves and other stabilizing agents, such as 10-20 mg/mi of human IgG. 
The resulting heterofunctional cellular immunological reagent Is set forth below: 

RRPEGIEEEGGERDRDRSC-h^-SIUIRYALIPIPIAVITTAbuIVIYNleN^ (MW=6.0kD) 
(HIV 735-752) (LFA-3 carboxyl sequence) 
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SYNTHESIS EXAMPLE 4 USING CITRACONiC ANHYDRIDF ANn .ono 



70 



J5 



20 



45 
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- 'HA wherein the epsL^amino JJJJS f°T "3 !S3JS,S^S 
protected in order to prevent i«dwtalJ^ l I L*«. ^ ^ P 0 * 0 " «* H-V Is 

The T cell specific binding portion derivative of IL-1«- 
AbuggVQGEENDK (MW«1402) 
is used (see Nendonl. L et al. J. Immunol ito-mm moo™ u~ 

total of 4J0 umole) is added in s t» in~L?J? ^.f"" 0 fr"** (lwo P* - "We «n this example, or a 

fractions typically represent about 1/100 nf th« f«L~7 . 100 0 5 ml s,2e 'factions, which 

W The first ^^ Z^Z^^^^^ m0nItored « to 
necessary, to obtain the porypeptS shZStr ^ " d *" ^ dessfcated * 

AbuggVQGEESNDK(cit) (MW=1410) 

" obj^e SyZ^^Z^ 12 0 ™> " «- •» SPOP as desoibed above to 

SPOP-AbuggVQGEESNDK(cft) 
Next, 8.7 mg (2.0 umole) of a cat dander epitope- 
GITPAVKRDVDLFLTGTPDffYVEQVAQYKAPDVc (MW=4333) 

product against 2 ctan^ of 1 0^ " 5 «^^h ^ " G " 1 ° C0,umn of the final 

against 2 changes of ^li&tX&^SlSZZr* t.V 6 fo, ' 0Wed * *** 
M EDTA. for atleast 2 hours and then ovSJm ml to e" C > 9 M ^ Ch,0fide 

The resulting heterofunctional cellular immunological reagent is shown below: 

G 1 TP AVKRDVDLFLTGTPDEYVEQVAQYKAPD Vc ~ SPDP- AbuggVQGEESNDK 
(cat dander 1-33) (IL-1B 163-171) 

°'^P— ^-ntionhavebeenmetby a 

effective amouniof a^^^Z^I^ * f*™"*^ 

carrier or diluent wroiuncuonal cellular immunological reagent and a pharmaceufjcally acceptable 

^^of^^ *— " * "0, crfeca, thereto, 

globulin or polymers. e7Z7I2^ T^' hu "W *™n albumin and gamma- 
adjuvant is ALUGEL™ 5D SlS^^J^ *9- a ' urn - A typical alum 

employed is general,* a £a£ 25S~i £?^t^. 6<Wmany, • amoun, <* 

of the present invention. respect to me heterofunctional cellular immunological reagent 

*. O^burg. MD , me ^J^^^ 
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to 



-generally diluted to a concentration of about 0.1 to 2000 ug/ml. preferably about 2.0 to 100 uo/rnl 

The particular heterofunctional cellular immunological reagent employed as the active ingredient in the 
vaccine will depend upon the disease for which prevention or treatment is sought That is. for prevention or 
treatment of a particular disease, one component of the heterofunctional cellular immunological reagent 
must be an antigen associated with the disease or a causative agent of the disease, or epitope thereof 

The amount of the heterofunctional cellular immunological reagent to be administered for prevention 
and/or treatment of disease will depend upon the age. weight and sex of the subject Generally the 
heterofunctional cellular immunological reagent is administered in an amount of from about 2.0 to 1 00 u a/70 
kg of body weight preferably about 10 to 20 ug/70 kg of body weight 

The site and mode of administration are not critical to the present invention. For example the 
heterofunctional cellular immunological reagent can be administered intradermal^, subcutaneous* in- 
traperrtoneally. intramuscularly and. also, when an adjuvant is not employed, intravenously. A preferable 
mode of administration is intradermal^ or intramuscularly. 

Multiple Inoculations of the heterofunctional cellular immunological reagent are generally employed with 
75 3 to , 4 . we eks between the first *nd se«><w» inoculations and 6 months between the second and 'third 
inoculations. Subsequent boosters may also be employed if desired. 

SYNTHESIS EXAMPLE S 
so Vaccine Against Streptococcus 

The following example describes the production of a vaccine for the prevention of infection by 
streptococcus and/or treatment of a subject infected with the same. 
8.6 mg (2.0 umole) of the streptococcal epitope: 
2S TVTRGTISDPRVFPRGTVENPVATRSQTDTSEKC (MW=4301) 

HJS?^.!!!^™ . 01 M POtaSSium P" 08 ** 819 bu,fcr *** ™» staining 0.15 M sodium chloride, 
reduced with 0.01 M DTT for 45 min at room temperature and purified as described above. 

This material is then coupled to an equal molar amount of the SPDP-derivauzed b-2-M- 

SPDP-AbuYVSGFHPSDIEVDLLKNGERIEKVEHSDLSFS (MW=4473) 
M Wh !?i S ' 0nned ty KaC6 " 9 89 mg (2 '° Umote) " ***** ^ 005 mI «* 2" mgAnl of SPDP (4 0 umole) 
"h bel 2 h ° UrS at r00m tempera,ure - 71,6 resu,8n9 heterofunctional cellular immunological reagent is 



35 TVTBCtlSOmrPBCIYEKPVATBSqiinSKEC -SPOP Wtbny^^ 

(streptococcal) (b-2-H 24-58) 

After purification, the heterofunctional cellular immunological reagent is equilibrated in a 0.05 M Glycine 
buffer (pH 6.5) containing 0.15 M sodium chloride. OXM M EOTA. and 1.0 mg/ml of alum and as such is 
40 useful as a vaccine against streptococcal infection. 

In a fifth embodiment the above-described objects of the present Invention have been met by a method 
of diagnosing disease comprising assaying for the presence of T celts in a subject which are active against 
the disease, using the heterofunctional cellular immunological reagent 

Again, the particular heterofunctional cellular immunological reagent to be used will depend upon' the 
45 d,sease ,or gnosis is sought That is. one component of the heterofunctionaJ cellular immunological 
reagentmust be an antigen associated with the disease or a causative agent of the disease, or epitope 
«her*offorwhk*diac^sissougMorac©n^ or epnope 

J*™ p f!* u,ar **** employed to diagnose the disease. Le, to determine the presence of T cells in the 
^ect wh.ch am active against the disease, is not critical to the present invention. Examples of sucJ 
r« lymphoproDferafive assay using radioisotopes (see Cason. J. et al. J. Immunol. Meth.. 
£lS..^ ,: -° r . a T^i??!? "ynpne^oWerafive assay using 3K4^metrryimia2o72^f>^r]ter^ 
SSfiESr™*"^ (Siflma Ch6mICal °°' St ^ M0 > Mosmann, J. Immunol. MetfL. 
ZT !!, ) : 8883/8 ** measuro ce0 dea,n ' such as the Cr*** release assay (see~Chapters 9-18 in 
fj^^Jmmun^. Ed. Rose. N. et al (1976) and Fund. CJjn. Immunol Ed. Alexander. J.wTet al (1977)- 
M^ufS^rl aT? diaC8t ? < he : elnafte ' "CDTA") uptake assaT^ee Bruning. J.W. et al J. Immunol 
i^-flfv rS .1 * ~ * mmunt "- » 100=261 (1987); Mosmann. T.. J. ImmunolMe^ 
' jfT"" 0 '- » §457 (1986)); a lymphocyte mlgratJo^ Inhibition assa^ 
(see Chapters 9-18 in Manual Chn. Immunol, Ed. Rose. N. et al (1976) and Fund. COa Immunol Ed. 
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Alexander. J.W. et al (1977)); a phosphorylation assay (see Samuelson. LE. et at J. Immunol- 1395708 
(1987)); a delayed type hypersensitivity (OHT) skin test assay (see Kadival, GJ. et at J. Immunol., 1395447 
(1987); and Keeney, RT. et el, J. Immunol. Meth. . 101:110 (1987)); or a T cell binding assay using~a dye 
such as 5-[(4.6Klichlorotriazln-2-yl)amino>fIuorescetn hydrochloride (hereinafter "DTAF") (see Kung P et 
al, Proc. Natl. Acad. Sci. USA , 77:4914 (1980)). 

The rymphoproiiferative assay is modified for use to test cellular immunity to a particular disease as 
follows. For example, samples of blood circulatory lymph node or spleenlc lymphocytes, which contain T 
cells, are collected using the ascetic technique, by venipuncture in sterile containers, from animals 
immunized with an antigen associated with disease or a causative agent of disease or an epitope thereof or 
the heterofunctional cellular immunological reagent Often with animals, particularly when using mice or rats 
and in many cases rabbits, the animals are sacrificed, for example, 14 days after an inoculation by, e.g., 
cervical dislocation, and the inguinal lymph nodes and/or spleen teased into a single cell suspension. » 
whole blood is used, as In most cases with humans, the peripheral blood or single cell lymphocytes are 
treated, for example, by the •Rcoll-Hypaque" method Pharmacia, Piscataway, NJ) and the cells resuspen- 
ded and plated into sterile culture microwells. Rcoll-Hypague treatment Is often carried out to remove 
erythrocytes, macrophages and other cells which may interfere by consuming nutrients in long term 
(>hours or days) assays. Their removal is desirable since this may simplify the assay and/or Interpretation 
of the results. In many cases, especially with early and or rapid events, this separation is not necessary. 

More specifically, a 96 well Costar plate Is seeded at 1.0 to 5.0 x 10 s . preferably 2.0 x 10 s cells/well In 
0.2 ml of RPMI 1640 medium, supplemented with standard antibiotics, such as penicillin and streptomycin, 
and often 0.5 to 10% (v/v) homologous serum, e.g.. normal mouse serum for murine ceBs or human AB 
serum for human cells and BSA for other types of ceils. 

Next, a solution that brings both 2-mercaptoethanol to a concentration of 0.00005 M and the antigen 
associated with disease or a causative agent of disease, or an epitope thereof, to a concentration of 0.001 
ug/ml to 100 ug/ml, preferably 0.01 to 10 ug/ml. or the heterofunctional cellular immunological reagent(s) at 
a series of concentrations, usually from about 0.0001 to 10 ug/ml, preferably 0.01 to 1.0 ug/ml, are added 
to the wells. 

For proper design, both the use of replicates and for better control, and more meaningful results, the 
use of a series of related heterofunctional cellular immunological reagents, such as those shown below] are 
tested at several serial dilutions usually starting at 1 0 ug/ml. 

TOTKGTXSDPftVFPfanVEMPV^^ 

< streptococcal ) (b-Z-K 24-561 

IFAGIKXANERAELIAYLKQATX-S^DP-a^ 

t cytochrome CI Ib-Z-H 24-581 



XFAeiKJCAJ(ERA£LIAYUCQATK-SOT 

(cytochrome CI CFMDV 141-160) 

TgVTRGTISDPRVrPRGTVENPVAl KbUl U 1 2>H -3 PD P - VPKLRGO LQVLAQKVAfiTLP 
(streptococcal) (FHDV 141-1601 



It is desirable to test the same polypeptides but employing different orientations and different methods 
of Hnking, e.g., to couple the amino ©roup to the carboxyl polypeptide by use of a carbotfiknide activated 
carboxyl group of an amino group. 

The various microcultures are Incubated from 3 to 6 days, preferably 4 days at 37'C In a 5% CQ2, 
05% air mixture at 05% relative humidity. Then, 0.4 uCi of 3 H-thymidine (New England Nuclear. Boston! 
MA) with a specific activity of 1.0 Ci/hmol is added to each well and incubation at 37* C is continued for 18 
hours. The Incubation is terminated and the samples processed to determine the amount of Incorporation of 
^thymidine into DNA by use of a multiple assay sample harvester (hereinafter "MASH"). The data b 
analyzed for reproducibility using 4 replicates, a blank with no cells, and various specific and non-specific 
heterofunctional cellular immunological reagents as controls. The results are expressed as fre groups's 
mean +/- the standard deviation of the replicates. If less than 3 of the 4 replicates are allowable. I.e.x +A 
S.D.. the determination should be repeated. Values greater than +A 20 % of the mean are excluded. To be 
significant, at least two different means at 2 adjacent concentrations in a series must be different by more 
than 50% of the controls. If the base One is significant then the data are interpreted as an inhibitory effect or 
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a stimulatory effect No effect means that the patient has no cellular Immunity. A stimulatory effect in this 
assay implies helper T cell activity of a stimulatory nature and an inhibitory effect implies that the base line 
T cell activity is suppressed by the system. 

Typical assay conditions are selected, if possible, so that without the test reagent, such as the native 
intact antigen or epitope thereof or a heterofunctional cellular immunological reagent of the present 
invention, the positive and negative control have values preferably about 2 to 3 times the background level 
where no cells are present Then the positive control should give a value of at least 10, preferably 100 or 
more times the background level and the negative control should be the same as described above. In this 
case, for a sample to register as positive or significant, it should be above the first quarter percentile 
between the two controls. 

In many cases, the first determination of the presence or absence of cellular immunity is sufficient The 
clinical interpretation of the consequences is often on a case by case basis. Thus, in many cases, such as 
infectious Disease agents, there is a desire or need to determine or develop a positive cellular immunity 
presence. In other conditions, such as allergies, the cellular immunity may be misdirected causing helper T 
cells to produce excess IgE. as opposed to IgG or other classes or subclasses of immunoglobulins. In still 
other cases, diagnosis may show that the correct type of T cells for cellular immunity. e.g., helper T cells 
for increasing antibody production may be present but what is needed is aft increase in the production of 
cytotoxic T cells for a particular antigen associated with disease or a causative agent of disease or epitope 
thereof. 

As discussed above, a non-isotopic lymphoproliferative assay using MTT can also be employed to test 
for cellular immunity to a particular disease (see Mosmann. T., J. Immunol. Meth., 65:55 (1983); and Gerlier, 
A. et al. J. Immunol. Meth. . 94:57 (1986)). 

For the use of MTT as a replacement of 3 H-thymidine for analysis of rymphoproOferation, the cells are 
processed, treated and incubated as with the thymidine assay up to the point where the 3 H-thymidine is 
added. Instead of adding the 3 H-thymldine. MTT is dissolved in sterile pyrogen free PBS to a concentration 
of MTT of 5.0 mg/ml and freshly filtered through a 0.2 urn filter. This solution is added at a ratio of 10 ul 
per 100 ul of culture. The incubation is continued at 37 *C for 4 hours. Then, the incubation is terminated 
by centrifugation of the cells, aspiration of the fluid and resuspension and lysis of the cells. Next the 
incorporated and converted MTT, in the form of a blue precipitate, is dissolved by the addition of 100 ul of 
acid-isopropanol solution comprising 100 ul of 0.04 N HQ in isopropanol. The contents of the wells are 
allowed to mix by gentle mixing on an orbital shaker at room temperature and the absorbance at As 70 is 
read after 15 min to 1 hour. 

For the use of the heterofunctional cellular immunological reagent in cytotoxicity assays as a replace- 
ment of the MHC processing and presentation for analysis of cytotoxicity, the cells are processed, treated 
with the heterofunctional cellular immunological reagent for the first 6-9 days as with the lymphofiferative 
assay. At this point, a standard Cr++ + release assay is performed. More specifically, the cells are washed 
and resuspended in 0.1 ml of fresh media. Then 0.1 ml of infected cells are added to effector cells at 
between 10 and 200% of the concentration of the effector cells. The infected cells are freshly collected the 
previous day from the same donor as the effector cells and infected overnight with the agent of disease 
from which the antigen of the heterofunctional cellular Immunological reagent was derived at a multiplicity of 
infection of between 0.01 and 10. preferably 1.0. After an overnight infection, the cells are labelled with 
CrCb. in the form 51 Cr, and then washed 5 to 10 times until the amount of soluble radioactivity is less than 
0.01% of the cells bound. Preferably 10,000 to 1,000,000 cpm of such labelled infected target ceils are 
added to the effector cells and then the cells incubated for 4 to 6 hours at 37 -C. Next, the cells are washed 
5 times with PBS, counted and the data calculated using controls. 

Also, as discussed above, another assay based on CFDA uptake can be employed to test for cellular 
immunity to a particular disease (see Mosmann. T„ J. Immunol. Meth. . 6555 (1983); and Hansson. Y. eta! 
J. Immunol. Meth n 100:261 (1988)). ~~ 

CFDA is advantageous in that CFDA passively traverses through the cell membrane and then, as a 
result of Intracellular enzymes, Is hydrotyzed by living cells to carboxyl fluorescence which will accumulate 
in living cells and makes such fluorescent under blue light More specifically, cells are prepared and treated 
with an antigen associated with disease or a causative agent of disease or epitope thereof, or a 
heterofunctional cellular immunological reagent as described above for the lymphoprofiferative or MTT 
assay. However, instead of processing as in those assays, the cells are washed twice with sterile Hanks 
Balanced Salt Solution and resuspended in 25 ul thereof to which Is added 5.0 ul of a freshly diluted and 
filtered (0.2 urn) CFDA solution. The CFDA solution is prepared as follows: 10 ul of standard stock is 
prepared by acetylation of frcarboxyfluorescein. as described by Bruning. J.W. et al. J. Immunol. Meth. . 
33:33 (1980) (Eastman Kodak. Rochester, NY) and stored as 10 mg/ml in reagent grade acetone in a dark 
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bottle In the cold and sealed with a glass stopper. Then, 10 ml of Hanks Balanced Salt Solution buffered 
with 0.02 M Tris-CI (pH 7.4) or Hepes (pH 7.4) Is added. After the cells are allowed to take up and 
hydrolyse the CFDA for a set period of time, usually 15 min incubation at 37* C. the cells are washed with 
fresh Hanks Balanced Salt Solution and resuspended in 0.01 to 10 mg/ml of hemoglobin to reduce 
background scatter and noise. The Incorporated CFDA in the cells in the wells is determined by measuring 
the CFDA content by monitoring fluorescence with appropriate and available fiuorometers that utilize this 06 
wells plate configuration. 

The phosphorylation assay is carried out by activation of the cells with the heterofunctional cellular 
immunological reagent of the present invention and the incorporation of *P into proteins from GTP is 
measured. More specifically, the cells, after a short period of treatment with the heterofunctional cellular 
immunological reagent of the present Invention, I*., about 5 to 60 min. are incubated with, for example 
0.001 to 0.1 uCi of 3*P gamma-labelled GTP for 15 to 20 min. Then, the cells are processed for 
determination, or »P incorporation in all of the proteins or in a specific protein, such as a specific internal 
protein or a specific immunoprecipitable membrane protein. 

The delayed hypersensitivity type assay (DHT assay) is conducted as follows: the antigen associated 
with disease or a causative agent of disease or epitope thereof, or the heterofunctional cellular im- 
munological reagent at an appropriate concentration, usually 0.001 to 10.0 ug/rnl, preferably 0.01 to 1.0 
ug/rnl in PBS. is introduced by use of a ftin hypodermic needle and syringe, preferably 0.05 ml with a 27 
gauge, into the dermal layer of skin. A region is selected where changes in shape, coloration, thickness and 
other properties are easily observed and measured with calipers if desired. This usually means an area with 
little or no hair or pigmentation. After 24 and 48 hours, the area is observed and the results are recorded, 
with particular note of a hematoma, induration and shape. Often for ease of comparison, standard agents 
known to both evoke a positive DHT reaction and to be completely inert, such as a physiologically buffered 
saline solution, are included at a site 1.0 to 2.0 cm removed. In the DHT assay, the test materials) are 
recorded referencing their reaction to the controls (see Kadival. GJ. et al. J. Immunol. . 1394447 (1987V 
and Keeney, R.T. et al, J. Immunol. Meth. . 101:110 (1987)). 

SYNTHESIS EXAMPLE 6 

Diagnostic Reagent 



The following example describes the production of a T cell specific binding ligand which binds to cells 
which contain either MHC Class I and II molecules on the surface thereof which is useful as a diagnostic 
reagent 

The following polypeptide, which contains about the first 10 amino acids in proper sequence of the M 
protein of 3 strains of streptococcal bacteria (see Beachley. E.H. et al. J. Exp. Med. . 166:647 (1987)). is 
treated with citraconic anhydride to block the amino group(s) of the lysine(s) as described above. After 
treatment with citraconic acid and subsequent purification, the molecules are reduced with 0.01 M DTT to 
ensure that the cysteine is In an acceptable form: 

TRVTRGTISVPRVFPRGTVENPVATRSQTDTSKc (MW=4209) 

The above polypeptide is then coupled to an equal molar amount of the following SPDP derivative of 
the IL-1£ polypeptide at positions 163-171: 

SPDP-AbuggVQGEESNDK (MW=1401) 
which Is formed by reacting 2.0 mg (2.0 tun) of the IL-10 polypeptide with 0.05 ml of 24.8 mg/ml SPDP (4i> 
urn) in DMSO for 2 hours at room temperature. The resulting heterofunctional cellular IrnmuiwIogicaJ 
reagent is shown below: 



TRVTRGTISDPRVFPRGTVENPVATRSQTDTSK- SPDP -AbugqVOGEESNDK 
(streptococcal) (IL-lfl 163-171) 
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- TT,e Stowing control polypeptides can be prepared In a similar manner. 

tFAGHOCAWERAELI AYUCOATKc -SPD P -Abttgg VQCEESMHC 
s (cytochrome CI CIL-10 165-171 1 

IFACIOCAWElUELIAYLKQATKc-SPDP-VPHtJtCDljQVlJUKVA 
(cytochrome CI intDV 141-1401 

W TWTRCTISDPRVFPROTENPVAT^^ 

(•treptococcall (nov 141-160) 
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SYNTHESIS EXAMPLE 7 
Diagnostic Reagent 



cBuJ^hS! 0 ^"? fTO* I 880 """ 08 pr0duCtion of another T <** *P«*«° binding Bgand which binds to 

con^t^S^ " ^ ^ 6 fe ««" * *• **— - 

gggLNDVLPEWVRVGLDSASTGLYKETNTILSWS (MW=4266) 

» SPDP^.S^-k 8 ! "I 9 ^ COflcanvann A PO'yWfde (iO urn, is reacted with 05 ml of the 
T 1 ? 9SCnbed Synthesis *■"!*» 6 a«l «»n subsequently reacted with the streotcxScS 

30 TRVnOTISVPRVFPRGTVEHPVATRSQrnJTSKc -SV^^y^lJ^Vt^iCntVQU)SAST^Yt^TKTltSi<5 

(atreptococcal) (concanvaliii A I 

The foHowing control polypeptides can be prepared for the concanvafin A derivative in th« sam « 
as manner as described in Synthesis Example 6: aenvative in the same 

IFAGIKXAKBUELIAYUCOATXc-SW 

(cytochrome CI (concanvalin A) 

IFACIKKA)<EIUELUYlJCQATXc-SPPP-VPKLTOUWLAOyVAP^ 
I cytochrome C) (TO)? 141-160} 

45 

TkV 1 ktej xSDPgVFPPGTV^KnrATl^IDlSICc-Sl^P-VPiajCT 

I streptococcal) tEKDV 141-160) 
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SYNTHESIS EXAMPLE 8 
Labelled Diagnostic Reao ent 



usel^suSr^f ^ bb0Bin9 * a ^<*«K*onal ceDuIar immunological reagent for 
° ^! d 09 ° f m9 "^"""nciional cellular immunological reagent to the surfaceof T ceBs 
so as to dagnose the presence of T cells in a subject which are acto against HIV 



23 



EP 0 420 913 B1 



. 5.0 mg (1 .0 umole) of the fonowing heterofunctional cellular Immunological reagent: 

DWS FYLLYYTEFTPTEKDEYAC - SPDP- AbuTTAVPNASWS 
s (b-2-M 58-84) (HIV 605-620) 

f^w**^* 0 ? fe di$S0,ved ln " ml « 005 M so*™ P»««P»««e buffer (pH 7.0) containina 
0.15 M sodium chlonde and reacted with 5.0 mg (10 umole) of DTAF (Eastonan Kodak. FU^hest^M^ 
NHS-aotin (Pierce Chemical. Rockford. IL) at 15 to 25 -C so as to boT^e^ft^Sl. ^ 

disuffide. the conditions are essentially as recommended by the manXturer^L ^^0^0^ 

8nd V pH °' 7 0 «* ** reacton P"*** are Immediately seZZZ Z 
ftactonating on a G-10 column using 0.05 M potassium phosphate buffer foH eTJn Jn^ T ^ 
^ ^™c„.oride.0.001MEDTA^^ 

jDTAF-DWSFYLLYYTEFTPTEKDEYAC- SPDP - AbuTTAVPNA shs 
(b-2-M 58-84) (HIV 605-620) 

t J!*, 01 ™ ^° lled heterofunc1ional ceBolar immunological reagent is used by incubating such with the 

L2ot Sl mi " 81 2 10 8 ;°- ^ ** T 06,18 " 6 —2 «" examin^Ta 222 
™roscope for the presence or absence of binding the heterofunctional cellular immunologicaUe^t^ 

I SB? 3 " 0 - quantitati0n °' of T cells so labelled fe^S 

nuriL ^" f 10 13661 106 he terofunctional cellular immunological reagent men «Sh caTbe 

"2 ™ affinity C0,umn usi "9 «*"» coupled to a so.kf support as SctSS bTtS 

ISSST' ^ rCe , ChemiCa,> RocWorc '- ,L NHS ^°«" 's ««ed. avidin-Frrc is used^v£a£e Se 
binding of the heterofunctional cellular immunological reagent to T cells. visualize the 

If a trifunctional immunological reagent is under analysis for diagnostic uses then a total of «;„ht 
hetero^ona. ce.lu.ar immunological reagents are possible If two options ar fa ea^ *J? 
Often by groupmg and taking into account combinations which are not oossibte ^ZZ,^ Z^' 
heterofunctional ceflular immunological reagents are required. ^ synthes«e. fewer 

SYNTHESIS EXAMPLE 0 USING SPDP AND MBS 

Trifunctional Reagent 

^The blowing example describes the production of a trifunctional immunological reagent of the present 

6 A mg of the following LFA-3 T cell specific binding liganct 
AbuggSRHRYAUPIPLAVITTAbulVLYNIeNV (MW=34O0) 

ZHZSLSZ *i T 10 °' SPDP °- 1 M p0tassium P^P" 816 (PH 7*1 containina 015 M 

57 Z «n ,? Tf S ^ eqU6nt,y Durified 88 descrfbed above. The purified pmdud sTen re£t£t£ 
<0 mg <Z0 umole, of the following Plasmodium CSP-1 sequence which has been uSSSSi S3 

y(QAQGDGANAGQP>2C (MW=1995) 

Aftw purifkation. the resulting product is reacted with 4j0 umol of MSB to tMblyate the amino 

KDWS FYLLYYTEFTPTEKDEYAC (MW=3396) 
to yield the trifunctional Immunological reagent shown below: 

<fc-8-H 58-64) .ITA-, c^X 



24 



EP 0 420 913 B1 

Claims 



5 specific class or subclass of T cells and another of m^T^JT, " * e Bgands to a 

MHC motectile, such is derived fromths highly conserved region of *ejllH(^moto«ito.^^^^ 

6. A vaccine for the prevention or treatment of disease, compriang- 

(B) a pharmaceutically-acceptable carrier or diluent 

7. Avaccineasdalmed.ndaime.w^^ 

8. A vaccine as claimed in claim 6 or claim 7. wherein said one figand is as defined in claim 3. 
a ^vaccine as claimed h an y of clams 6 to 8. wherein the antigen or epitope thereof is as defined in 

10. A^cdne as earned in any o, claims 6 to 9 . .herein the causative agent of disease is as defined in 
reagent to T cells frornTsubS ^ST^EL^S 8 * hetefofuncb ^ cellular immunological 

P^cyte migration inhMon^ a pLSa^o^a^rr^^!^ ^ assay, a rjl 
T cell-binding assay using a tryeJ P" os P nor y»toon assay, a delayed-type hypersensitivity assay or a 
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sind. umfaBt, wobei ein^STSJn sB9anden - d,e «« ^erscWedlichen MotekDIen abgeteitet 

krankheitsvemrsacterKSlSS l^ST? 93 Krankhe « ^sammenhingt. Oder ein 

von einem MhT2S aSe^Tis! 2^,^ . " Bnn der etne Ugand 

MolekOls abgeteitet feT "*** V0 " dem »«*»««wryierte n Bereich des MHf> 
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einem AnSnSr e^l?^^^ 2u ~^^en MoiektH-3. 

5. Bn Reagens S em9B einem der vorhergehenden AnsprOche wobei ri** i™«m,«^. 
>s ausgewahft wird au S Pnonen. Wen, BaLen. PoJ^J^Ta^^^^^ 

• B6n Pharma2eutsch ateeptaWen TrSger Oder ein Verdaraumgsmittel. 
7- Bn Impfstoff gemSB Anspruch 6. wobei die T-Zelle so 1st. wie in Anspruch 2 definiert 

SSTdeSr ^ 6 *"«""* 7 - ^ ** *~ eine Ugand so is, wie ,n 
9 " in m ^ 6 WS * «** ein Spitop davon so is, we 

funktionellen zenuiaren^munoLis^L^n^ r^f MeSSe " ** Bindun 9 hete «>- 
Gegenwart einer «p«a£Zt2£S ZXT ^V" SubieW ™ 80 * 

*an kh e« sinHfcei dT^ »i2!fiSS?SrjEr ^ * 

^ ^-Set^o^^ ciS'' ^ *""«*"• — •ymphooronfera.iven Tests, eines 
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Revendications 
1. 



2. 



des Bgands He una sousSaS o! u2 IS * m ° Kcu,es tequel un 

ledit un des Dgands est denvS ds™ m!^ J^Si ou de lours epitopes, et dans lequel 

MHC. £tant derM de la region hautement conserves de la motecu! mht l ^ on haulement convert© 

accessoire. une ceOule T suppresseur. et une cellule T cytotadque. 

ClaSSe moKcule -3assoa&a fonction lymphocyte, un anCcorps de 
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CD-2, un anticorps de CD-3, tin anticorps de CD-4, un anticorps de CO-8. un lectins, une lymphokine. 
une partie de la region FC de la chathe lourde dlmmunoglobufines. d-polyKEKyeo.^O) et la 4 . 

4. Rgactif selon Tune quelconque des revendi cations pf^c^dentes. dans (equal I'antigene ou son epitope 
5 est se'lectionne* parmi : un allergene, un antigene de tumeur et un antigene a relation autoimmune. 

5. Rgactif selon Tune quelconque des revendications prgcgdentes, dans lequel Hagent causal d'affection 
est se'lectionne' parmi : tes prions, les virus, les bact£ries, les champignons, les protozoaires et les 
parasites. 

6. Vaccin pour la prevention ou le traitement d'affection comprenant : 

A) un rlactif immunologique cellulaire h^firofonctionnel comprenant, lie's ensemble par covaience, 
au moins deux ligands de liaison sp^cifiques de la cellule T, dans lequel run et ("autre des Kgands 
sont d£ finis comma dans la revendication 1, et 
15 B) un support ou diluant pharmaceutiquement acceptable. 

7. Vaccin selon la revendication 6, dans lequel la cellule T est deTmie comme dans la revendication 2. 

8. Vaccin selon la revendication 6 ou 7, dans lequel (edit Ggand est dSfini comme dans la revendication 3. 

20 

9. Vaccin selon rune quelconque des revendications 6 a 8, dans lequel I'antigene ou son epitope est 
ddfinl comme dans la revendication 4. 

10. Vaccin selon Tune quelconque des revendications 6 a 9. dans lequel r agent causal d'affection est 
25 dSfini comme dans la revendication 5. 

11. Proc£d6 pour diagnostJquer une affection en testant la presence de cellules T dans un sujet, qui sont 
actives centre I'affection, comprenant la mesure de fa liaison d'un reactif immunologique cellulaire 
h§te>ofonctionnel aux cellules T d'un sujet de fagon a determiner la presence d'une sous-classe ou 

30 cTune classe sp^cifique de cellules T actives contre raffection, dans lequel le nSactif est d6fini comme 
dans une quelconque des revendications 1 a 5. 

12. Proc6d6 selon ta revendication 11, dans lequel la presence de cellules T est testee en utilisant un test 
lymphoproffieValif, un test de liberation de Cr* 4 *, un test de fixation de diac^tate de carboxyfluorescgi- 

35 ne, un test d'inhibition de migration de lymphocyte, un test de phosphorylation, un test d'hypersensibili- 
te du type retarded un test de liaison de cellule T utilisant un colorant 
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